A wave equation is proposed for the massless spin 1/2' particle moving along the radiationless trajectory. The equation is a nonlinear integra-differential equation, the nonlinearity being due to retarded self-interactions. In the limit of vanishing retardation the equation reduces to the Heisenberg form of the non-linear wave equation. The particle mass arises from the nonlinear term of the equation and seems to be related to the number of time reversals of the radiationless trajectory per unit time.
§I. Introduction
In a previous paper 1 ) we presented a view that the particle motion is a process of successive creation and annihilation of particle-antiparticle pairs of finite space-time extension. The situation was represented by a particle trajectory with changing direction of time. The trajectory was so constructed that 'unwanted' short wavelength components of self-action virtual quanta were trapped between adjacent kinks of the trajectory, that is, within the spatial extent of the particle, hence the name radiationless trajectory. The trapped short wavelength components are, in our picture, the very components that are responsible for the formation of the particle core (cohesion of the finitely extended charge distribution) and the mass spectrum.
In the present paper we attempt to formulate the idea of the radiationless trajectory and suggest a wave equation for the spin 1/2 fermion moving along the radiationless trajectory. §2. Matrix element for the formation of a kink in the trajectory
The radiationless trajectory represents a process of successive creation and annihilation of particle-antiparticle pairs. Now since all interactions (strong, electromagnetic and weak interactions; and also the gravitational interaction in the linear approximation) seem to be n-invariant (chirality conserving) , 2 ) we require that the radiationless trajectory should also represent a sequence of chirality conserving transitions. Fig. 1 and suppose that a massless neutrinolike*) particle is initially in a state t'+-· Here t' +-is a solution of the Dirac equation for massless fermion. In t' +-the first sign ( +) refers to the sign of energy while the second symbol (-) denotes the spin axis against the direction of motion (left-handed). At the vertex A of Fig.  1 the particle makes a· chirality conserving transition from the state 'fP +-to +-+ (right-handed) by em1ttmg a short wavelength spin 1 photon or vector meson (which is regarded as a composite system of particle + antiparticle) and reversing its motion in time by 1 the combined action of the inversion operator r4 and the charge conjugationtime reversal operator rs. **)· ***) Note that the conservation of angular momentum requires that the particle and the antiparticle should combine with parallel spins at the vertex to form a spin 1 state. The matrix element for the formation of a kink A in the trajectory is ,.___ ( t'-'fr4rsrp.t'+-) = ( f-1- ) that the charge parity of the fermion differs from that of the antifermion, and that the vector particle has odd parity since it may go over into a system of fermion + antifermion. In Fig. 1 the quantum (A~ D) and the fermion (B~C) emerge from different centers (A and B), so that they can *) In our picture particles moving along the radiationless trajectory have masses ( §5) and therefore charges (electric, baryonic, etc.), while particles moving on the straight line trajectory are massless (neutral). Since the radiationless trajectory consists of a sequence of straight lines, all particles look neutrinolike in very small space-time regions. **) The transition 1/J+_---?>-1/J_+ is a Pauli transformation which mixes particles and antiparticles of the same chirality. If we follow the particle along its world line and define helicity (handedness) as the longitudinal polarization in the direction of the world line, the helicity becomes a conserved quantity (=chirality) and the left-handed particle remains left-handed even when the particle trajectory reverses its time direction. ***) Another possible chirality conserving transition is evidently the transition: 1/J+----?>-1/J+-, which takes place through the virtual emission or absorption of a long wavelength quantum. This type of transition is, however, responsible for the mass correction and not for the cohesion (formation of the core).
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form a !-state with respect to each other. We can likewise see that the CP parity of the radiationless fermion trajectory is made to be even for all times. It is possible, however, that the particle trajectory is disturbed by interactions with other particle trajectories or by self-actions via long wavelength quanta, and it may happen that the quantum (A__,. D) and the fermion (B_,.C) converge towards or emerge from a common (extrapolated) origin to form the S-state.
If this happens the CP parity of the trajectory turns odd. §4. Wave equation for radiationless particles At D of Fig. 1 the anti particle is scattered forward in time by the retarded field created at A. We may equally well describe the process by saying that the particle at A is scattered backward in time by the advanced field generated at D. Thus it may be said that the particle feels the advanced and the retarded fields alternately at successive points A, B, C, etc., of the trajectory at a regular space-time interval. Let the space-time interval between A and D be A. Then the matrix element for the scattering by the advanced field at a space-time point xis ---(vc*(x)a""v(x))(v*(x+A)tJ""vc(x+A)) and that for the scattering by the retarded field is ,....,(v*(x)tJ""vc(x))(vc*(x~A)tJ""v(x~A)). Note that the field is nonvanishing at x only when the particle trajectory passes through the point x+A.
Now we want to add to the massless free fermion equation a term that describes the self-interaction. To find this term in the equation of motion of v(x) (vc(x)), we vary the above matrix elements with respect to v*(x) (vc*(x)).
Adding to the Weyl equation the term thus obtained and considering the distribution of A, we get
Here l is a parameter having the dimension of length and {} _ (.it) ( {} + (A)) is the kernel for the quantum (photon or vector meson) to go forward (backward) in time by a distance A.
, Equation (1) is made to include only one characteristic length if we require that O(A) be a relativistically invariant function having the range l. The kernel for the Klein-Gordon type equation Do= z-zo has this property. We identify the characteristic length l of Eq. (1) with the characteristic length of the radiationless trajectory, that is, with the spatial distance between adjacent kinks of the trajectory. {}± ().) is then regarded as the propagator of short wavelength quanta which are destined to be trapped between kinks of the radiationless trajectory and are removed from the self:action virtual quanta responsible for the mass correction.
), *)
Equation (1) is a nonlinear integradifferential equation and reduces to the Heisenberg form of nonlinear wave equation 4 ) if we let O(A)~a(A) and vc~v:
iap.Op.V (x) + l meaning to the equation unless this product is suitably defined by a limiting process, 4 ) etc. The radiationless trajectory disentangles the nonlinear self-coupling of Heisenberg type into a sequence of creation and annihilation of particleantiparticle pairs (Fig. 2). 
§5.. Possible origin of the mass
We notice that the fields entering the nonlinear terms of Eq. (1) play the role of a flip-flop amplitude between v and vc particles. This suggests the relation of the particle mass to the frequency of flip-flop or to the number of time reversals of the particle trajectory per unit time. * * ). * * *) Nambu's mass spectrum corresponds to tak- *) In quantum electrodynamics one starts from a fictitious bare mass and calculates mass correction by modifying the law of electrodynamics for small space-time regions, that is, by replacing the photon
is the convergence factor.
3 )
Our view point corresponds to writing the photon propagator .as k-2 -(P -Z-
1 and using the third term in the bare mass (mass spectrum) or the cohesion calculation. It is possible to include in Eq. (1) a term that describes the self-interaction responsible for the mass correction. **) Perhaps Ryazanov 5 ) was the first to suggest this idea. Ryazanov replaced the usual quantum field theory by a statistics of trajectories of particles which are capable of going both forward and backward in time (why such trajectories appear is not clear, however), and deduced the existence of periodic oscillations of the particle density, which he identifies with de Broglie waves. ***) See also the argument of Touschek. 6 ) Touschek argues that a necessary condition for the existence of massive spin 1/2 particles obeying equations that are compatible with a gauge transformation of the ')'s·type is that it be possible to construct the right-(left)-handed field from the left-(right)-handed field. Note that the quantity (v*tTp.op.v) is invariant under Lorentz transformations. From this we can see that ffp.o 1 ,v and therefore the nonlinear term of Eq. (1) transforms like a right-handed cospinor (v being a left-handed contravariant spinor); the radiationless trajectory with changing space and time directions shuffles left-and right-handed particles. Our geometrical interpretation of the mass is consistent with that of the two-component fermion theory 3 ) in which the mass value determines the coupling strength between left-and right-handed components.
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ing l=e 2 /mec 2 and imposing a restriction that the number of time reversals in time l/ c be an integer.
We note that Eq. (I) determines boson trajectories as well as fermion trajectories. This is because there are two different ways, (b) and (c), of completing the diagram (a) of Fig. 3. 
§6. Specification of initial conditions
The motion of the v particle may be called causal and that of the antiparticle vc acausal, since the nonlinear term in the equation of motion of v(x) (vc(x)) is nonvanishing only when the particle trajectory passes through the point x-A (x + ..t). It is therefore not possible to solve Eq. (1) from initial conditions given on one time-plane. This corresponds to the fact that we cannot specify the particle mass (number of time reversals of the trajectory) and therefore the kind of the particle 011 one time-plane. We have to start from the 'minimum pattern' of the particle trajectory of finite space-time extension to predict future (for reproduction).
The general nature of radiationless trajectories obeying Eq. (1) and the problem of the decay of radiationless particles will be discussed in later occasiOns.
